The two following specimens, in which diverticula of the mucous lining of the sphenoidal. sinuses protruded directly into the subdural space, were evidently fraught with such serious possibilities to the lives of these individuals. that I felt j ustified in bringing them to the attention of specialists. Since both these individuals did not succumb to complications arising from these abnormalities, it would, however, be a mistake to attribute an altogether too sinister meaning to their presence. One of these individuals lived to the age of twenty-eight years. and the other to that of thirty years without complication irom the unique defect. :\evertheless, it is evident that a sphenoidal sinusitis would probably have resulted in meningitis and death, and from the position of the defects and diverticula it is also clear that probing, irrigation or other operative procedures might have resulted disastrously through no lack of skill or foresight on the part of the operator.
1t is to be hoped that such abnormalities are exceedingly rare, and the absence of references in the literature to similar de Iects would seem to indicate this. This seems particularly true since nothing wholly comparable to them was mentioned by Zuckerkandl, Killian, Onodi, Spee, Gibson, Schaffer or Loeb and others who have made a special study of the paranasal sinuses or of the sphenoid. Nor are such defects mentioned in the large handbooks on the nose and upper air passages, with the exception of the Handbuch der speziellen Chirurgie des Ohres lind der oberen Luftwege, in which Onodi refers to Spee and Zuckerkandl.
Perforate sphenoidal sinuses with subdural diverticula. Specimen a is from the body of a white man, twenty-eight years of age, who died of tuberculosis. (See figure 1, Spolia anatomica addenda, Xleyer, 1915.) There are two sphenoidal sinuses, as usual, in this specimen, the right sinus extending several millimeters across the median line. The septum is located in almost a sagittal plane lying two to three millimeters to the left. The form of the right sinus is oval with its long axis, which is practically parallel to the upper surface of the basilar process of the occipital' bone, making an angle of approximately forty-five degrees with the vertical. This diameter measures twenty-five and one-half millimeters, the vertical one fifteen millimeters, and the transverse (right to left) eighteen millimeters. The lining membrane of the sinuses are thin and not abnormally adherent anywhere. The roof of the right sinus is very thin, measuring only 0.3:; millimeters (by micrometer caliper) directly beneath the sella and a little to the left of the median line. Its maximum thickness is only 0.5 millimeter.
Although the configuration of the left sinus is similar to that on the right, it is much smaller, measuring only eleven millimeters in a transverse (right to left) diameter and twenty-two millimeters in the longest oblique direction. It, too, is normal in appearance. The combined sinuses extend only about half way beneath the sella. The ostia are normal in size and position.
The nasal cavity is capacious but normal in appearance. and the conchre, except the superior,' are small. There are four conch re on the left side, the posterior ethmoidal cell opening into the supreme meatus.
At about the midpoint of the ventral (anterior") portion of the lateral wall of the right sinus, immediately beneath its roof, there is an oval defect. The longest diameter of this oval defect measures seven millimeters and extends anterolaterally, lying almost in a horizontal plane and making forty-five degrees with a sagittal plane. The short diameter measures only 4.5 millimeters. Through this opening a diverticulum of the sinal lining, which is six millimeters long, protrudes into the subdural space. The wall of this diverticulum is very thin, nowhere adherent to the exceedingly thin (0.5 millimeter) but regular margin of the defect in the lateral wall. and can be inverted with entire ease. It extends slightly forward and upward into a triangular space bounded by the optic nerve anteromedially, the carotid artery posteromedially, and the reflection of the dura laterally. The dura which surrounds the base of the diverticulum on all sides does not envelop the diverticulum or cover the defect in the lateral wall of the sphenoid, but merely comes into contact with the encephalic surface of the bony margins bounding the defect. Hence it is evident that the mucous diverticulum extends directly into the subdural space, and must have been in direct contact with the arachnoid.
There is no corresponding or other defect in the wall of the left sinus, but the corresponding region is marked by a depression which lies in the base of the posterior root of the lesser wing. This root is absent on the right side. The anterior clinoid process on the left side joins with the middle process, forming a complete foramen for the carotid artery. That on the right side had unfortunately been partly removed, but the condition of the middle clinoid process, which is wholly intact, shows clearly that it was not joined to the anterior clinoid process on this side. Furthermore, the lateral sinal wall with its dural reflection .shows that the posterior root was absent on this side.
The anterior and middle ethmoidal cells and the frontal sinus are large, but the posterior ethmoid cells are extremely small, being three to four millimeters in size.
Specimen b is from the cadaver of a man, thirty years old, who died of tuberculosis. (See figure 1.)
The left sphenoidal sinus in this specimen is somewhat larger than the right, and extends completely beneath the hypophyseal fossa, being separated from the pons by an exceedingly thin bony wall only 0.27 millimeters thick. The hypophyseal fossa is large and long in a dorsoventral direction. The dorsum sella is Tvshaped in section. low (five millimeters high). and composed of a thin plate of bone which bears the large (by comparison) posterior clinoid processes. The floor of the sella forms the dorsal (posterior) half of the roof of the smuses. , The ventral (anterior) half of the lateral wall of the left sinus contains a defect (see figure I) similar in position and character to that in the preceding specimen. This defect is oval also, but somewhat larger than the preceding, for it measures 6.5 x 4.5 millimeters. The bony margin bounding it protrudes slightly intracranially, forming a small cuff around the defect. This margin is only 0.25 millimeter thick.
The diverticulum of mucous membrane which protrudes through this defect extends fully 3.5 millimeters beyond the plane extending across the dural reflections over the optic and oculomotor nerves and the accompanying structures. ( See figure 2 .) It is slightly enlarged distally. Although the lining membrane of the sinus is somewhat thicker than that of the preceding case, it is nowhere adherent and could be removed very easily. The relations of the diverticulum to the surrounding structures are exactly the same as in the previous specimen. It has a total length of six millimeters with a width of seven millimeters in a line parallel to the optic nerve, and of 4.5 millimeters in a craniocaudal direction. Since a thin bony rim extends intracranially around the defect, for several millimeters, the optic nerve lies more above than 1~1e dial to the defect. This bony rim also covers the ventral knee of the carotid artery.
The dorsoventral diameter of the left sinus is twenty-nine millimeters, and it extends several millimeters beyond the median line, which it intersects somewhat obliquely, the ventral hal f of the septum lying a trifle to the left 0 f the median line. This sinus does not extend beneath the hypophyseal fossa on the right side except at its most caudal portion, although laterally to the right it extends beneath the middle cerebral fossa.
Just as on the left side in the previous case, there is a depression in the lateral wall of the right sinus in a position corresponding to the defect on the left side. As in the previous specimen, this depression was covered by the posterior root of the lesser wing, and in part also by a bony extension, not infrequently present, from the anterior to the middle and to the posterior clinoid process, which represents the ossified ligamenta interclinoidea. On the left side, on the contrary, there is no such bony union of the anterior and middle. but only of the middle and the posterior clinoid processes.
The finding of these defects in two specimens, neither of which was damaged by disease or injury, among only eight cadavers simultaneously under dissection, remotely suggests John Burrows' dictum "That the number of birds one sees depends all the number one looks for.' Xot knowing of such possibilities, we had not looked for them. Nor can I believe that these instances are isolated cases, especially after having examined a small series of skulls with especial reference to the shape, form and position of the posterior root of the lesser wing and the varying osteology of the surrounding region. It is, for example, comparatively common to find a depressioni. e., an evagination of the sphenoidal sinuses-into the base of the posterior root; and in one cleaned remnant of a skull found in the laboratory, one of the sphenoidal sinuses communicated with the cranial cavity at exactly the same place as in. the preceding specimens. Although the lesser wing of the sphenoid had been removed in this specimen, it was evident from the character of the margin of the defect in the lateral wall, and from the character of the wall itself, that it is not improbable that a defect was present in this specimen also before cleaning, for only a very slender posterior root could have been present. However, the mere presence of a very slender posterior root, or perhaps its absence, even, is not necessarily an indication that the sphenoidal sinus is not completely separated by bone from the cranial cavity. The absence of this root is probably only of significance if the sphenoidal sinus is as. large or larger than normal-or, perhaps still better, only when there is a tendency for the sinus to extend laterally in the region of the base of the root. Just why absorption should be especially active here at the junction of the pre-and basisphenoids, I do not know, and it is possible, of course, that tension exerted through the root after fusion with the lateral wall may cause evagination of the sinus into the base of the root, or the root may be absorbed. This extension of the sphenoidal sinuses into the base of the posterior root of the anterior clinoid process is, of course, a wholly different thing than an extension of the sinuses into the lesser wings and anterior clinoid processes, said to occur in over eight per cent of skulls, according to Sieur and Jacob.
The absence of the posterior root in both the above specimens must leave a weak point in the wall at this region. Since the reflections of the dura over the carotid artery, and the second. third. fourth and sixth nerves lie at a higher intra-cranialIevel, it is evident that the dura must at one time have been depressed over this region, in order to clothe the portion of the lateral wall later occupied by the defect. In pre-and early postnatal life there could, to be sure, have been no such dural depression, but with the change in contour and in the relation of the different portions of the sphenoid and the extension of the air sinuses with approaching maturity of the bone, such a condition was bound to appear. Since in these cases the lateral wall of the sphenoid was not reinforced by the posterior root, as is normally the case, it might be assumed that this region formed a point of least resistance to the developing and encroaching air sinus, were it not for the fact that reinforcements are absent on other portions of the sinal wall and yet no perforation or defects result. That the increased intrasphenoidal air pressure associated with such occasional phenomena as sneezing, coughing or forcible and obstructed expirations of any character, could be responsible for local atrophy of the bony wall and the overlying dura, seems decidedly unlikely. although the form of the diverticula and the bony margin of one of the defects seems to suggest that their form was modified by these things. But until we know more about the cause of the development of the air sinuses and the factors which control their extension in the different directions, it seems quite futile to speculate on the genesis of such defects.
It seemed highly probable to me at first sight that the dura must have covered these diverticula, but that it did not do so except at the very beginning of their extension through the bone is beyond question. Indeed, the perforation of the dura by the diverticula is the most interesting and unexpected thing. Moreover, it would have seemed likely that the cerebrospinal fluid and the other meninges and the brain substance might have forced these diverticula, of mucous membrane back into the sinuses, or at least have prevented their protrusion through the dura into the subdural space. It would also seem as if one might have expected a diverticulum of the arachnoid, accompanied or unaccompanied-probably the former-by brain, to extend into the sinus as a result of the unopposed intracranial pressure. Moreover, since a defect was produced in the dura, it also seems as though the arachnoid should also have yielded to the same influences which caused perforation of the dura.
Unfortunately the brains had been removed from both these skulls, but the durse were undisturbed in these regions. The presence of the protruding diverticula is conclusive evidence, however, of the fact that practically no pressure was exerted upon them, for their extremities were entirely unattached to the dura, and hence their inversion into the sinuses was prevented only by atmospheric pressure. Besides, had they been at all firmly attached to the arachnoid, it is more than likely that a tag of arachnoid would have remained attached to their distal extremities when the-brains were removed. Hence it would seem that the arachnoid sealed the opening.
The only investigators who mention defects in the lateral wall of the sphenoid are Zuckerkandl, Spee and Onodi.
Zuckerkandl (18 f)3) spoke of having noticed physiolog-ic dehiscences and small gaps in the lateral walls, and Spec speaks of small defects in the region of the sulci carotici in a juvenile skull. Since small defects in the lateral walls in the region of the carotid sulci-and in other places, for that matter-are not very infrequently seen in cleaned and dried skulls, it is evident that such specimens do not furnish proper evidence regarding the actual frequency of these abnormalities. If the walls are exceedingly thin, they are easily injured when the dura is stripped, and still more easily eroded in the cleaning. Hence, skulls in which the dnrre have not been removed can alone be regarded as furnishing reliable evidence.
Onodi, who observed vascular sulci and foramina in the lateral wall, and also larger or elongated dehiscences in these vascular sulci, also emphasized the fact that besides being developmental anomalies, such dehiscences may be artifacts, or result from traumata or from senile atrophy or pathologic conditions, Onodi. who examined four thousand entire and several hundred cut skulls, reported no such defects as those found in the above cases. The same statement holds for Gibson (1908) , who examined eighty-five specimens. And although Emerson (1908 Emerson ( -1909 gave a "Report of a fatal operative case showing developmental absence of the outer sphenoidal wall, and in its place a large vein communicating directly with the cavernous sinus; autopsy," a review of the clinical history of this case clearly suggests that the long standing suppuration was very probably responsible for the absence of the lateral wall of the sphenoid.
According to the clinical history, a carious area was present in the sphenoid over three years before death, and a "carious area on the floor and inner wall were curetted" over two years before death Furthermore, at the time of the fatal operation "a carious area was felt on the outer walls," which the autopsy revealed as having been developmentally absent! In view of these facts, and the further fact that Onodi and Zuckerkandl both emphasized the occurrence of physiologic dehiscences, the conclusion that there was a "developmental absence of the outer sphenoidal wall '.' in Emerson's case seems extremely un founded.
Since the clinical significance of such defects in the lateral osseous walls, accompanied or unaccompanied by protrusions of the lining mucosa into the subdural space, 111USt be evident to everyone, emphasis on this matter is unnecessary.
\Vhi+e examining a small series of skulls in regard to the position and size of the posterior root of the lesser wing of the sphenoid. in connection with the defects above reported, I was much impressed by the varying-relations existing between the uppcr portion of the genu ventralis of the carotid artery and the optic nerve and the ophthalmic artery. Ordinarily, the dorsal or posterior margin of the posterior root of the lesser ,,'ing is located from two to four millimeters dorsal (posterior) to the similar margin of the broad anterior root which hounds the upper half of the optic foramen. nut if the posterior root of the lesser \\'ing is located far ventrally-s-i. e., anteriorlyit allows the genu ventralis of the carotid to lie far forward, In the specimen before me the posterior root lies four millimeters anterior (ventral) to the posterior or dorsal margin of the anterior root which forms the upper half of the optic foramen, I Ience, it happens that the optic nerve and the ophthalmic artery come to lie directly upon the knee and a part of the upper turn of the carotid artery as the latter ruris dorsally and upward to pass through the clinoideocarotid foramen.
Such a relationship between the carotid artery and the optic nerve and ophthalmic artery may be of far less consequence if the anterior root of the lesser wing does not extend dorsally almost as far as the base of the middle clinoid process, thus forming a roof over these structures. But when. as in the specimen under discussion, such an osseous roof is present, it is evident that both the optic nerve and the ophthalmic artery are subjected to the full arterial pressure in the carotid, because the latter and the optic nerve and ophthalmic artery really lie directly inferiorly-i. e., caudal-to the broad anterior root.
In the ordinary or normal skull, both the optic nerve and ophthalmic artery lie upon the posterior root which is above the genu of the carotid artery. Hence, these structures are ordinarily protected from the direct effects of the arterial pressure in the carotid by the posterior root. Besides, since they are ordinarily not roofed over by an extension dorsally of the anterior root of the lesser wing, they cannot be forced against an unyielding structure.
In the specimen before me the foramen formed by the union of the anterior and middle clinoid processes, the c1inoideocarotid foramen, is not bounded ventrally-that is, anteriorlyby the posterior root, as is usually the case, but by the margin of the broad anterior root. This ordinarily forms the upper anterior boundary of the optic foramen, and the posterior root forms the dorsal and inferior boundary. Consequently, ir; this specimen the optic nerve passed through two foramina-the optic and clinoideocarotid.
It is rather venturesome to draw inferences from the relationships here 'given, and I am reminded of the wisdom of the old saying: "Let not the cobbler go beyond his last." Yet one seems justified in asking whether the considerabl~pressures exerted in these cases upon the optic nerve by the carotid artery might not lead to optic atrophy as a result of direct pressure or of circulatory disturbances due to interference with the arterial current in the relatively small ophthalmic artery. Since the pressure in the carotid is exerted at right angles to the latter. such a result would seem to he inevitable unless the latter arises from the carotid unusually close to the optic foramen. The optic nerve could not escape this pressure, however; and since the pressure from arteriovenous aneurisms can cause interference with vision and optic atrophy in a comparatively short time. it is difficult to realize how the optic nerve could resist the considerable pressure in the carotid if exerted throughout the lifetime-or practically that-of an individual. It is also known that the comparatively temporary pressure exerted by the walls of the sphenoidal sinus, as a result of distension by inflammatory processes, may cause optic atrophy. This fact, too, it seems to me, confirms the above supposition as to the possible effects of pressure from the carotid. l\Ty friend, Professor Rusk, also informs me that the pressure exerted on the base of the brain by extremely tortuous and sclerotic basilar arteries may cause symptoms of hemiplegia. Unfortunately, no operative procedures would be likely to reveal or could hope to relieve the conditions produced by these abnormalities.
The tuberculum sella (olivary eminence) is absent in this specimen, and the optic chiasmatic us very deep. The ventral or anterior wall of the hypophyseal fossa is practically vertical. The left sphenoidal sinus is spherical, and only about four millimeters in diameter. The right is oval, and measures about six millimeters in the longest axis. The ostia of these small sinuses were comparatively large, and opened almost directly downward. They were located in a plane directly' ventral (anterior) to the posterior root of the lesser wing.
